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CitA BIM Gathering 20XX,

A Comparative Study of CADWorx Plant 2018 and
Revit 2020 with Ez-ISO Add-in, for the Production of
Piping Isometrics
Killian Lynch1
School of Multidisciplinary Technologies
Technical University Dublin, Bolton Street, Dublin 1, Ireland
E-mail: 1D05109543@mytudublin.ie
Abstract - BIM software evaluation and selection is a complex process. In this paper, a
comparative study of Revit 2020 with Ez-ISO add-in, and CADWorx Plant 2018, was carried
out. The aim of this study was to determine if a MEP contractor could consolidate software
usage into one package, thereby reducing costs for pipework modelling and isometric
production. A comprehensive evaluation was developed based on a literature review. A multicriteria decision-making method was used in conjunction with the software evaluation to
ensure sound choices were made. An online survey of senior BIM professionals was
conducted to validate the analysis and findings. The study determined that Revit 2020 / EzISO was not a suitable alternative to CADWorx Plant 2018 in fulfilling the contractor’s
needs.
Keywords: - Revit, CADWorx, Ez-ISO, Multi-Criteria Decision Making (MCDM), Choosing by
Advantages (CBA)
software evaluation and selection is a simple task,
this is not the case. Software evaluation and
selection is a complex decision-making process that
requires careful consideration and implementation,
whilst ensuring it is a collaborative approach with
key stakeholders.
This research paper therefore sets about
critically evaluating existing research in software
evaluation. The outcomes of this will enable the
author to develop and implement a comprehensive
evaluation method to determine the suitability of the
proposed software solution.
The remainder of this paper is arranged as
follows. Section 2 is a brief background into
isometrics and the softwares to be evaluated. A
critical literature review of software evaluation in
both software science and BIM sectors is presented
in section 3. Also, in this section, a critical review of
complex decision-making methods is undertaken. In
section 4, the research objectives for this paper are
described in detail. Section 5 sets out the research
methodology employed. Section 6 describes the
software evaluation process and results. Section 7
explains the complex decision-making methods
utilised to ensure the selection process was of sound
basis. In section 8, the development, distribution and
analysis of the online survey is presented. Section 9
is a discussion of the research and its findings.
Finally, section 10, is the conclusion of the research.

I INTRODUCTION
In a world where there is an ever-increasing urgency
to bring products to the market, in as short a time
frame as possible, many construction projects are
fast-tracked in a bid to achieve this goal. One
method used in this approach, is the off-site
prefabrication of pipe spools [1]. A key step
necessary to enable this prefabrication, is the
production of pipework isometrics (ISOs).
Automatic isometric generation from 3D piping
models is not a new concept, however many BIM
authoring softwares do not have the capability. As a
result, companies often resort to implementing
multiple BIM authoring softwares. This can
potentially give rise to interoperability issues
between software packages, which in turn can result
in rework or remodelling. In addition, there are
increased software costs, maintenance costs, training
requirements, multiple BIM libraries and BIM staff
resource issues.
One leading Irish MEP contractor, that
currently uses both Revit 2020 and CADWorx Plant
2018 in their operation, sought to streamline their
BIM workflow and reduce costs by potentially using
a single BIM authoring software. This company goal
led to this research evaluation of the software
combination of Revit 2020 with isometric generation
add-in – Ez-ISO. Whilst initial beliefs may be that
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II BACKGROUND
a) Isometrics (ISOs)

Fig 1: Typical Prefabricated Pipe Spool

Before pipe spools can be fabricated, detailed
fabrication drawings known as isometrics must be
produced. Isometrics as the name suggests, are
isometric view drawings of pipe work spools.
Orthographic views of piping spool arrangements, as
shown in Fig 2, can be difficult to interpret correctly
[2].

Fig 3: Piping Isometric View [2]

Isometrics are essential drawings that serve
many functions. Primarily, isometrics are detailed
drawings, that indicate all the components,
dimensions, orientations, and other information
necessary to enable the fabricator to produce the
spool. Included on an isometric is a Bill of Material
(BOM), which is a list of all the piping components
associated with that pipe spool [2]. Each individual
weld is numbered on the isometric, for use in weldmapping as part of quality control. Isometrics are
also used for stress analysis, and can be exported
from piping models to stress analysis software such
as Caesar II [3]. Furthermore, on the construction
site, isometrics are used for material procurement,
logistics, installation, progress monitoring, testing of
pipework and commissioning of systems [4]. A
typical hand-drawn isometric is shown in Fig 4.
b) BIM Software
There are many BIM softwares on the market at
present, many of which can produce piping
isometrics. This paper critically evaluates the
following two software programs:

Fig 2: Piping Orthographic Views [2]

• CADWorx Plant 2018 (Hexagon PPM)

Conversely, a piping isometric view of the same pipe
spool, as shown in Fig 3, is less complicated and is
easier to comprehend [2].

• Revit 2020 (Autodesk) with Ez-ISO Add-In
(HuenSystem)
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Fig 4: Typical Hand-drawn Isometric [5]

c)

2010, in a bid to expand market share in small to
medium size projects, Intergraph went onto acquire
COADE. In July 2010, Intergraph was acquired by
Hexagon, a leader in geospatial data and point cloud
sensor technology. In 2018, Hexagon acquires
another CAD/BIM software company named
Bricsys, and according to Hexagon [8], this makes
Hexagon the largest AEC/BIM company in the
world.
CADWorx Plant 2018 is used with
AutoCAD or BricsCAD (Bricsys). BricsCAD
software is now included as part of the CADWorx
package, removing the need for an Autodesk
platform. All files in both AutoCAD or BricsCAD
are the common .dwg format [9]. CADWorx is a
user-friendly and intuitive piping software, that uses
piping specifications to ensure standards conformity.
CADWorx has many features that make it a
powerful piping software, such as:

CADWorx Plant 2018 (Hexagon PPM)

CADWorx/Pipe, as it was named initially, was
developed by a software company named COADE.
COADE was established in 1984 and provided
software solutions for mechanical engineering firms
in the Power and Process Industries. COADE
developed the industry leading pipe stress analysis
software – CAESAR II. It was in response to
requests for “CAD Interfacing capabilities” by
CAESAR II users, that in 1996, COADE developed
CADWorx/Pipe. CADWorx/Pipe was developed
with bi-directional transfer capability with CAESAR
II. One of the key strengths of COADE software,
was the fact that the software was developed by
engineers with real life experience in the piping field
[6].
CADWorx/Pipe had its own isometric
generation engine called AutoISO, but this was later
replaced by the industry leading isometric generation
software ISOGEN by UK Software company - Alias
in 2000. In 2006, Alias was acquired by another
world leading engineering software company,
Intergraph, who developed both Plant Design
System (PDS) and SmartPlant 3D piping programs,
which are used on large scale projects [7]. In January

• Smart P&ID linking
• Piping Rules and Auto-Route Functions
• Isometrics extraction
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• Links to live databases

III LITERATURE REVIEW

• Basic HVAC ducting and electrical containment

a) BIM Software Selection

• Integrated collision checking

Many authors argue that there is not a single BIM
software that can be used to take a project through
all phases [14], [15] & [16]. Jernigan [15]
emphasises that you should find the software that
allows the user to work as smoothly and efficiently
as possible. Jernigan further recommends using the
best software for each task, rather than looking for
one software to complete all. Mordue, Swaddle, &
Philp [16] proposes this approach as being especially
useful for multi-disciplinary teams. It is argued that a
“mix and match” approach to BIM software can
achieve better functionality and that it is rare for a
single software platform to be used on large projects
[17]. Sacks et al. argue that using multiple BIM tools
will only be effective if they work in parallel and
seamlessly.
The proposed use of multiple BIM tools
on a project, highlights the issue of interoperability.
As part of a BIM software selection process,
interoperability is an essential criterion that must be
considered. Ruiz [18], states that the output of one
software must be functional to the rest of the BIM
software packages on the project. Interoperability at
the most basic, removes the need to reproduce data
previously created in another software [17]. It is this
interoperability
which
facilitates
effective
collaboration, which is a crucial factor for successful
BIM projects [19].
According to Ayag [20], many companies
experience difficulties in selecting BIM software
that will fulfil their current and future needs. Van
Staaden [21] and Nursal, Omar, & Nawi [22], claim
that the wide range of alternative vendors and
software available, have added to the complexity of
selecting a software that will meet organisational and
business objectives. While Sacks et al. [17] state
that, the selection of an appropriate software is a
significant process, that often requires knowledge
and understanding of new technologies and
organisational skills. Sacks et al. [17] additionally
note that not all BIM software has the same
functionality, which can further exasperate the
selection process.
There are many risks associated with
software selection. Piengang, Beauregard, & Kenné
[23] and Jadhav & Sonar [24] stated that selecting
the incorrect software is potentially costly and
carries the risk of disturbing business operations.
Bouska [25] backs up these arguments and further
states that due to this risk, it is essential that
adequate evaluation is carried out before
implementation. Sacks et al. [17] states that adopting
new software is a costly task due to training

• Export/Import to pipe stress analysis software –
CAESAR II & IFC Export
[9], [3].
d) Revit 2020 (Autodesk)
Charles River Software company developed Revit in
1997. It was renamed Revit Technology Corporation
in 2000. Revit was designed exclusively as a
parametric modelling software tool for architecture
use [10]. Revit Technology Corporation [11], called
it the “first parametric building modeller”.
Developers of the software were either architects or
other construction background. In 2002, Autodesk
acquired Revit for $133m. Revit’s expansion into the
MEP field was not until 2006, with the release of
“Revit Systems 1” [10].
Revit 2020 is a versatile BIM authoring tool,
especially in terms of MEP services co-ordination.
Revit allows multiple users to co-author models at
the same time. Revit contains many useful features,
such as automatic schedules, and annotation tagging.
Revit has interoperability capabilities, such as export
to analysis software, such as IES (VE), and IFC
export. It also supports exporting to Fabrication
MEP software [12]. On the downside, it does not
support or produce piping isometrics.
e)

Ez-ISO (HuenSystem)

HuenSystems was formed in 2006 in Seoul, South
Korea. Due to the language barrier, it was difficult to
find any history behind the creation of the Ez-ISO
software. However, HuenSystems claim, that EzISO is the first software for extracting piping
isometrics from Revit models. Ez-ISO is an add-in
for Revit that automatically extracts piping
isometrics from Revit piping models. Ez-ISO does
not use the industry leading isometric extraction
engine ISOGEN, like many other companies use, but
instead HuenSystems have developed their own. EzISO can extract isometrics from an existing model,
without the need for remodelling. Ez-ISO requires
custom parameters to be assigned to all components.
Once these are assigned, it is easy to generate
isometrics. HuenSystems claim that isometrics
produced using Ez-ISO are as good or better than
ISOGEN isometrics [13].
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requirements, changes to workflows and initial
productivity loses.
According to Moran [3], finding impartial
trustworthy comparative data for various 3D
software programs, can be difficult. Franch [26],
claims that this lack of unbiased information, leads
to selections based on vendor literature, public
evaluation reports, experiences of others and firsthand assessments, that can be inexact, non-reliable
and costly. It is argued by Ruiz [18], that these
factors, such as lack of knowledge, vast selection of
software and unreliable data, results in companies
purchasing software that is not the best solution for
their needs.
A study carried out by Nursal, Omar, &
Nawi [22] revealed that the most common methods
of BIM software selection were based on other
construction companies’ choices, recommendations
from software vendors, or select the best software in
the market.
Hucka & Graham [27] revealed that in a
survey of how Scientists and Engineers chose
software, the following methods were the most
popular used:

• Creation of rating scale

• 18% = Tried lots and this was the best.

• BIM Object Libraries

• 18% = Recommendations from close colleagues.

• Extensibility

• 9% = Personal recommendation

• Interoperability

• 9% = Other

• Multi-User Environment

• 7% = Recommendation through a training course

• Property Management Support

• 4% = Good Presentation or paper seen

While Jernigan [15]
additional criteria:

• Evaluating the score
• Allocate a rank to each option
• Choose the highest ranking
Jadhav & Sonar further stated that while
in some studies, quality features of software had
been used for evaluation purposes, such as:
efficiency, usability, reliability, functionality, they
had found no studies describing a generic list of
evaluation criteria.
Locating specific or even generic criteria
for BIM software evaluation is challenging.
Andersson et al. [29] and Sacks et al. [17] suggest
the following criteria of evaluation for consideration:
• User Interfaces
• Drawing Generation
• Custom parametric object creation

• 1% = A reviewer suggest I use it.

suggests

the

following

• Training Requirements

b) BIM Software Evaluation

• Annual Cost

Ruiz [18] highlights that there has been insufficient
research into a BIM software evaluation
methodology, and at that time, there was no
recognised evaluation model standard for BIM
software. Van Staaden [21] states that once a
company decides to purchase software, a list of
evaluation criteria should be created, and a plan
created to implement the evaluation. Stamelos et al.
[28] claim that this is often not the case, and that
evaluations are based solely on expert personal
opinion. According to Jadhav & Sonar [24], the key
tasks in software evaluation are:

• Workflows
• Intuitiveness
• File Exchange format
c)

Complex Decision Making

In the Architecture, Engineering and Construction
(AEC) industry, decisions are often made without
adequate analysis, discussion or documentation, and
quite often made impulsively, without a method of
decision making [30]. According to Paramount
Decisions [31] many businesses make choices
without collaborating with important stakeholders,
resulting in unsatisfactory solutions, or change of

• Establish evaluation criteria
• Allocating weights to each evaluation criterion
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e)

decisions afterward resulting in additional costs.
Suhr [32] states that:

Choosing by Advantages (CBA)

Paramount Decisions [31], describe CBA as a:
“In order for decisions to be sound decisions, they
must be based on the relevant facts”

“decision-making system that supports transparent
and
collaborative
decision-making
using
comparisons among advantages of alternatives”.

Mordue, Swaddle, & Philp [16] reinforce this
statement, claiming that selection of the most
appropriate software, must be based on informed
decisions. Ayag [20] defines CAD software selection
as a Multi-Criteria Decision Making (MCDM)
problem, that necessitates robust techniques for the
evaluation of alternatives based on predefined
criteria. MDCMs are wide and varied, such as:
Analytical Hierarchy Process, Choosing by
Advantage, Weighted Average Score, Electre and
Topsis to name a few. MCDMs use the process of
making preference choices over the presented
alternatives [24]. The choice of which to use is
dependent on the user and the area in which it is to
be used.
d) Analytical Hierarchy Process (AHP)
In the literature reviewed, AHP stands out as the
most commonly used MDCM in software
evaluation. Jadhav & Sonar [24] and Ayag [20]
describe how it has been utilised in many software
evaluation studies. Arroyo et al. [30] argues that the
appeal of the method, is that is uses mathematical
representation, but further states that this does not
mean it is the correct method to use for a particular
problem. While some authors claim that AHP is an
excellent technique [33], others argue that it fails to
supply sound ranking [34]. Ayag [20] argues that
AHP is not adequate to allow for human perception
or judgement. Nursal, Omar, & Nawi [22] claims
that human judgement introduces vagueness and
uncertainty into the decision-making process. Ayag,
therefore suggests the use of “Fuzzy AHP” (AHP
coupled with Fuzzy Logic) to compensate for this.
Fuzzy Logic is a form of computer logic. Where
Boolean Logic only allows for 0 – False or 1 – True,
values, Fuzzy Logic allows for in-between
conditions, for example, a value could be 0.9, or any
other real number between 0 and 1. It is this feature
that makes Fuzzy Logic more suited to vagueness
caused by human judgement. Piengang, Beauregard,
& Kenné [23] notes how Fuzzy Logic has been
utilised in many papers to counteract the human
uncertainties. The issue with Fuzzy AHP is that the
complexity even for a small task is enormous [20].
Ayag further claims that implementation of Fuzzy
AHP is very time-consuming when undertaken
manually.

Fig 5: Choosing by Advantages Steps [35]

CBA is a more familiar MCDM in the AEC industry,
particularly in terms of Lean Construction (Fig 5).
Arroyo et al. [36] claims that CBA is more
transparent than AHP. Arroyo et al. [37] further
claim CBA aids in developing consensus in decision
making. Arroyo, Tommelein, & Ballard [30]
demonstrated in a comparative study, that CBA rated
higher than AHP in seven factors. These factors were
as follows:
• Context Specificity
• Collaboration
• Transparency of trade-offs among factors
• Transparency of trade-offs within a factor
• Focus on differentiating alternatives
• Consistency
• Subjectivity
Based on these research findings, they advised AEC
professionals to use CBA over AHP.
Despite the findings in the literature, of studies
encouraging the use of MCDMs for decision making
problems, many companies still avoid using them
[34]. From the findings of the research, it is clear
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that there is a requirement for a decision aid
framework for use in the BIM software evaluation
and selection process [22].

V RESEARCH METHODOLOGY
An Action Research methodology, as depicted in Fig
6, was employed to achieve the objectives of this
research. Action research methodology is typically,
PLAN – ACT – OBSERVE – REFLECT.

f) Summary
It is evident from the papers reviewed, that BIM
software selection is not an easy task and should not
be taken lightly. It also highlights the lack of
impartial and reliable information regarding BIM
software, necessary for informed decision making.
Finding appropriate criteria for evaluation is
difficult, but generic criteria is available. More
precise criteria need to be specified by individual
companies, as requirements vary. While some
authors have researched and proposed frameworks
for proper evaluation, the numbers are quite few.
The papers that do contain frameworks are either
quite old or use methods that are quite complicated
and outside of the area of expertise of most AEC
BIM personnel, for example, Ruiz [18] and Nursal,
Omar, & Nawi [22]. The literature review also
highlights that software selection cannot be an
individual’s choice but should be a collaborative
approach. Using the Complex Decision-Making
Process, CBA, in conjunction with the results of the
evaluation, will enable the company to make a
better, more informed choice, when selecting which
software to use.

Fig 6: Basic Action Research Model [38]

This methodology has been applied to this research
as follows:
PLAN - An extensive literature review was carried
out to gain knowledge and understanding in the
field. For objective 1, this consisted of a critical
review of all factors relating to the broad field of
software selection in general, and further narrowing
the focus on BIM software. Additionally, this
consisted of a critical review of complex decisionmaking techniques used in both software science and
AEC industry. The aim of this was to determine a
technique suitable to achieve a credible output,
whilst still appealing to the stakeholders in the
company.

IV RESEARCH OBJECTIVES
The aim of this research paper was to evaluate a
BIM software, namely Revit 2020 with Ez-ISO addin. The outcome of the research was to determine
whether to select Revit 2020 with Ez-ISO as the
BIM software solution to meet company
requirements, or to continue using CADWorx Plant
2018. To fully achieve this goal, four research
objectives were developed as follows:
Objective 1: To critically review software evaluation
techniques used in software engineering, and
appropriate complex decision-making methods for
software evaluation and selection.

ACT – For objective 2, this involved the
development of an evaluation plan, consisting of a
benchmark that both softwares would be tested
against. This was based on the findings from the
literature review.

Objective 2: To critically evaluate the capabilities of
Revit 2020 with Ez-ISO add-in, in the production of
pipework isometrics.

OBSERVE – For objective 2, this was the
implementation and observation of the software
evaluation.

Objective 3: To formulate recommendations on the
software, using complex decision-making methods,
to ensure sound decision making.

REFLECT – For objectives 2 & 3, this was the
reflection on the outcome of the software evaluation,
and reflection of the stakeholders on the findings.
Complex decision-making processes derived from
the literature review, were applied as part of this
process. Finally, for objective 4, results of the online
survey, were used to validate the findings of the
literature review and provided validation of software
evaluation techniques.

Objective 4: To identify the types and prevalence of
formal BIM software evaluations utilised in the AEC
sector.
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evaluation method later in the process. This process
was repeated for all five benchmark pipelines. When
this was completed, the same process was repeated
using Revit 2020/Ez-ISO. All timing and BIM
modeller feedback were compiled into an evaluation
criteria/comparison sheet.

VI SOFTWARE EVALUATION
A quantitative analysis, in the form of a comparative
evaluation, was used to appraise the effectiveness of
Revit 2020 with the add-in – Ez-ISO, in the
production of prefabrication pipework isometrics.
The initial proposal was to create an evaluation
model in CADWorx Plant 2018, and to attempt to
replicate this model with Revit 2020/Ez-ISO.
Isometrics would be produced from the model and
the evaluation process would be reviewed and
analysed. Robson [39], claims that more rigorous
evaluations use comparisons of two or more items.
Therefore, it was decided that both Revit 2020/EzISO and CADWorx Plant 2018 should be evaluated.
The results of the evaluations of both softwares
could then be analysed and compared.

c)

CADWorx Plant 2018 & Revit 2020/Ez-ISO
Evaluation – Results

BIM Object Creation (Piping components) – in
CADWorx
Specification
Editor
was
a
straightforward task. Parametric components were
created using a series of existing templates.
Templates were available for the most common
components required. These templates were simply
tables where the dimensions of each component
were populated. The resulting components were
quick to create and accurate. More complex
components, or components that required greater
“Level of Detail” were easily created using the
“Usershape” function, which converts .dwg files into
intelligent CADWorx components. CADWorx
parametric components are light on file size, but
Usershapes can impact on model size, if too much
unnecessary detail is included.

a) Establish Benchmarks
The evaluation process adhered to the following
format. A list of commonly used piping components
used in the AEC industry was compiled. A crucial
step in any evaluation is to establish evaluation
criteria. From the findings of the literature review
and from specific user requirements, a
comprehensive list of ninety-one criteria was
developed. To effectively evaluate both softwares,
benchmarks pipelines were established using 2D
isometric symbols in AutoCAD. Five separate
benchmark pipelines were created, to cover various
types of piping components used widely in the AEC
industry. Evaluation packs were created for each
benchmark, which included, a pdf of the sample
pipeline, pdf document of required fittings and
dimensions of each, excel file with list of fittings
required. A volunteer BIM modeller, with similar
modelling experience in both Revit 2020 and
CADWorx Plant 2018 was recruited for the
evaluations.

BIM object creation – Revit 2020 was not a
straightforward task. Revit families (components)
did not have templates that only required dimensions
to be filled in. Instead, Revit required templates to
be created by the modeller first. Then the component
dimensions were entered into a “Look-up Tables”
(.csv file) and linked back to the template to produce
parametric components. This does make Revit
family creation very powerful and very versatile,
with endless possibilities for complex families.
Pipework Modelling – in CADWorx Plant 2018,
was user-friendly and easy. The interface was very
familiar to the modeller because CADWorx Plant
2018 runs on Autodesk AutoCAD. The additional
CADWorx Plant 2018 menus and toolbars,
maintained logical order on piping components, and
made navigation to the required parts easy. Crucially,
as expected from a piping software, routing
pipework was intuitive. Pipework, fittings and other
components connected quickly, easily and with
intelligence. CADWorx Plant 2018’s various piping
aids, such as auto-weld placement, pipe length rules
and auto-route functions all contributed to an easy
and free-flowing pipework modelling experience.

b) CADWorx Plant 2018 & Revit 2020/Ez-ISO
Evaluation
CADWorx was the first software to be evaluated.
The evaluation packs were provided to the BIM
modeller and the process of the evaluation was
explained. Each benchmark was undertaken as an
individual assessment. The BIM modeller took each
benchmark pipeline from creation of BIM Objects
for the piping components, to modelling the required
pipelines as determined in the benchmark pipeline,
to producing isometrics for each. Each individual
section of the process was timed. At the end of each
assessment, the BIM modeller was asked for
feedback on various factors of the evaluation, based
on the evaluation criteria. The criteria had a 1–10
rating scale, the rating of which was used in the

Pipework Modelling – in Revit 2020, was not userfriendly or easy. The interface overall was good and
intuitive, however when it came to logical
organisation of pipefittings, it fell short. There was
no way to provide separation between different
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which is a code telling Ez-ISO what the fitting was.
In a PMS management tab, which is exportable to
excel, these Specs and SCODES were given
descriptions of actual piping components. These
descriptions then populated the Bill of Material
(BOM) on the isometrics. SKEYs were also assigned
in this location, these SKEYs determined how each
fitting was displayed on the isometrics.

specifications, all fittings were bundled into one
location. This made locating the correct parts
difficult and confusing. Pipework routing was
difficult and frustrating, even for some basic
scenarios. For example, Fitting-to-Fitting, where two
pipe fittings were connected to each other, are
normal occurrences in pipework. This would not
work while free routing in Revit but was achievable
by dropping the fitting in from the project browser.
However, this caused issues further down the
pipeline. Another basic scenario, of having a flange
on a pipe to connect to a valve, required routing
preferences to be set to include flanges. However,
this resulted in flanges being placed at all joints.
Removing it from the routing preferences, resulted
in the flange disappearing again, if that piece of pipe
was touched. Another issue was the inability to
model pipework with pulled bends (i.e. bends
without the use of fittings). Revit does not “flow”
when modelling pipework and felt like it was not a
natural ability.

VII COMPLEX DECISION MAKING
The selection of a new software is influenced not
only by the effectiveness of the softwares
themselves, but by many other factors also. In
recognition that the decision to choose one software
over another was in fact a complex process and not
just a software evaluation, it was decided to utilise a
“Multi-Criteria Decision Making” (MCDM) method
to ensure the final decision was the correct solution.
The literature review revealed many MCDMs are
used for software evaluation purposes, but after
careful consideration, the “Choosing by Advantages”
method was used. CBA is used frequently in the
AEC industry, and it is was on this basis, that CBA
was decided upon, as it was more familiar to the key
stakeholders in the software selection process.

Isometric Generation – in CADWorx Plant 2018
was to a very high standard, with endless
customisation options. All isometrics exported as
part of the evaluation met the requirements of the
evaluation criteria. CADWorx Plant 2018 uses
Isogen for extraction of isometrics from pipework
models. I-Configure is used to customise the layout
and presentation of isometrics in Isogen. CADWorx
Plant 2018 was capable of exporting pipelines to
Piping Component File (PCF) format, for importing
into other software.

d) Choosing by Advantages (CBA)
CBA is a collaborative process, involving key
stakeholders. In this study, these stakeholders were
BIM sector leads and BIM engineers. Presenting the
key findings of the evaluation in an effective manner
to these stakeholders was important. This was done
in a 3-step manner. First, in advance of the session,
short YouTube videos of key items of each software
were distributed. Second, also in advance of the
session, short PowerPoint presentations highlighting
issues were shared with each member. This method
allowed the stakeholders time to reflect on each of
the issues and how important each benefit or
drawback was in relation to the selection of one
software over another. Third, all the findings were
presented and discussed at the beginning of the CBA
session.

Isometric Generation – with Ez-ISO was
surprisingly good. Ez-ISO uses its own isometric
generation engine. Ez-ISO could be described as a
“Light” or “LT” version of isometric generation. It
had very few options for varying the isometric style
output. It was unable to produce isometrics for
complex components, and no option to create
custom SKEYs for non-standard components.
Isometrics exported were non-repeatable, i.e. if an
isometric was extracted, it would be expected that if
this isometric was extracted again, that the output
would be exactly the same. This was not always the
case. Ez-ISO did not recognise welds in the model.
Any welds shown on the isometric were only at
joints to fittings and not field welds or other. PCF
export was an option, but the software developer
indicated that file compatibility was uncertain.
Despite these shortcomings, Ez-ISO is the only
software capable of extracting pipework isometrics
from a Revit model. Extracting isometrics using EzISO was relatively straight forward. The process
simply involves assigning Ez-ISO parameters to
each piping component. These parameters were
populated with Line numbers, Spec and a “SCODE”,

The CBA process follows 7 steps (Fig 5):
1. Identify Alternatives
2. Define Factors
3. Define must have/want to have criteria for each
factor.
4. Describe attributes of each alternative.
5. Decide the advantages of each alternative.
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6. Decide the importance of each advantage.
7. Evaluate cost data.
Step 1: Identify Alternatives – CADWorx Plant 2018
and Revit 2020/Ez-ISO.
Step 2: Define Factors – the software evaluation
used ninety-one criteria. This number was far too
many to be used as factors for CBA. Instead, these
criteria were grouped to form ten factors by the
stakeholders. The scoring from the software
evaluation was used to determine if there was an
advantage of one software over the other in each
factor. For three factors, it was found, that there was
no advantage, so these factors were not used. four
other factors which were not part of the software
evaluation were defined. The factors were as
follows:
1. BIM Object Creation
2. Modelling – General
3. Specialist Fittings & Complex Valves
4. User Interface
5. Isometric Title block
6. Isometric Customisation
7. Valves & Strainers – (No advantage – Not used)
8. Outputs/PCF Export – (No advantage – Not used)
9. Database capability – (No advantage – Not used)

Step 4: Describe attributes of each alternative – each
criterion from the software evaluation had a scoring
of 1-10. When the criteria were grouped to form
factors, the criteria scoring was totalled to give a
scoring for each factor. This scoring was then the
attribute for each alternative. For example, the total
scoring of the factor “BIM Object Creation” for
CADWorx was 239.5 as can be seen in Table 1.
Step 5: Decide the advantages of each alternative –
This was achieved by comparing the attribute of one
alternative against the other. For example, for factor
2, CADWorx had a 92-point advantage over
Revit/Ez-ISO.
Step 6: Decide the importance of each advantage –
In this step the importance of each advantage over
the other advantages was assessed. 100 points was
allocated to the advantage of most importance
(paramount advantage), which the stakeholders
decided was the general modelling advantage of
CADWorx over Revit. For the remaining
advantages, the question “Which is more important
in this decision – The advantage of Factor X over the
advantage of Factor Y?” was asked. The
stakeholders allocated scores to each advantage on a
scale of 1-100 based on how important they saw
each advantage to be. The scores were tallied, with
CADWorx totalling 520 points compared to 270
points for Revit/Ez-ISO.
Step 7: Evaluate Cost Data – In this step, cost data
was compared against the “Importance of
Advantages” (IofAs) points determined in the last
step. As can be seen in Fig 7, Revit/Ez-ISO (270
IofAs) costs €10,348 per annum per user. CADWorx
(520 IofAs) costs €12,613 per annum per user.

10. Training
11. Co-ordination (with other models) – (Additional)
12. Is remodelling required? / Rework – (Additional)
13. Availability of experienced BIM personnel –
(Additional)
14. Multi-User Environment – (Additional)
At this stage a CBA table (Table 1) was constructed
in a Microsoft Office Excel spreadsheet.

Fig 7: Cost Analysis Chart

Step 3: Define must have/want to have criteria for
each factor – this step defined what the criteria was
to be an advantage for this factor. For example,
“More is Best”. The criteria can be seen in Table 1.
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Table 1: Choosing by Advantages Table
ID#

Alternative 1: CADWorx (Step 1)

Factor: BIM Object Creation (Step 2)
(Step 4)
1
Criterion: More is Best (Step 3)
(Step 5)
Factor: Modelling General (Step 2)
(Step 4)
2
Criterion: More is Best (Step 3)
(Step 5)
Factor: Specialist Fittings & Complex Valves
3 (Step 2)
(Step 4)
Criterion: Flexibility is best (Step 3)
(Step 5)
Factor: User Interface (Step 2)
(Step 4)
4
(Step 5)
Criterion: Easier is best (Step 3)
Factor: Isometric Titleblock (Step 2)
(Step 4)
5
Criterion: Flexibility is best (Step 3)
(Step 5)
Factor: Isometric Customisation (Step 2)
(Step 4)
6
Criterion: Flexibility is best (Step 3)
(Step 5)
Factor: Training (Step 2)
(Step 4)
7
Criterion: More availability is best (Step 3)
Factor: Co‐ordination (All services together)
(Step 4)
8 (Step 2)
Criterion: Better functionailty is best (Step 3)
Factor: Is re‐modelling of pipework required
(Step 4)
9 if Revit model available (Step 2)
Criterion: Less remodelling is best (Step 3)
Factor: Availability of experienced BIM
(Step 4)
10 piping personnel (Step 2)
Criterion: Availability ‐ More is better (Step 3) (Step 5)
Factor: Multi‐User Environment (Step 2)
(Step 4)
11
Criterion: More is Best (Step 3)
Total Importance:

e)

239.5
92 (Step 6)
144
87 (Step 6)
30.5
More Flexible (Step 6)
25
Easiest (Step 6)
70
Most Flexible (Step 6)
205
Most Flexible (Step 6)
19

Alternative 2: Revit/EZ‐Iso (Step 1)
147.5

(Step 4)

57

(Step 4)

6

(Step 4)

16

(Step 4)

37.5

(Step 4)

136

90
100

85
40
70
70

5

0

6
More Availablity (Step 6)
3

(Step 4)

(Step 4)
(Step 5)

24
More Availablity (Step 6)

50

(Step 4)
(Step 5)

10
Best Functionality (Step 6)

90

(Step 4)
(Step 5)

7
Less Remodelling (Step 6)

50

(Step 4)

4

65
(Step 4)
(Step 5)
520

10
More Users (Step 6)

80
270

sampling, was used to select the participants. This
method is normally used for qualitative research, but
it was felt that this method would still provide a
good mixed sample of participants across the sector,
in architecture, engineering and construction roles.
The researcher had many contacts in the AEC sector
through 20+ years’ experience in the industry. To
achieve an acceptable response rate, it was decided
that contact should be made with all potential
candidates to request participation prior to
distribution. As a result, 43 people agreed to
participate, with the final response rate achieved
being 93%.
The survey was created using SurveyMonkey,
and consisted of 10 closed-ended questions, to
provide a quantitative analysis of findings. These
included both Unipolar and Bipolar, 5-point Likert
scale questions. Also included were list options –
single answer and multiple answer variants. Skip
logic was included to by-pass some questions based
on answers to particular questions. The survey link
was distributed by BCC email to all participants.
This ensured that no personal information was
collected or shared with other parties. The survey
was live for 1 month, from the 14th January 2020 to
14th February 2020.

Choosing by Advantages (CBA) – Evaluation
Results

Throughout the Choosing by Advantages session, all
stakeholders were involved in constructive
discussion about the advantages and disadvantages
of both software packages. Demonstrations of each
of the software packages were given, and analysis
was carried out on all the results of the software
evaluation over several hours. CADWorx was the
clear leader on Importance of Advantages points.
When the cost data analysis was carried out, with
only a difference of approximately €2k per user, it
was agreed by all stakeholders, that Revit/Ez-ISO
was not a suitable alternative to CADWorx.

VII ONLINE SURVEY
a) Survey Design
The literature review revealed many interesting
findings. In order to validate these findings, it was
decided to carry out an online survey of senior BIM
personnel in the Irish AEC sector. The criteria for
inclusion were; senior BIM personnel in Ireland,
with an involvement or awareness of software
evaluation and selection processes in their company.
The non-probability sampling method - purposive
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b) Survey Results
The data from the survey results was exported from
SurveyMonkey, and Microsoft Office Excel was
used to analyse and cleanse the data. Only the key
findings from the survey are presented in the
following results.

Fig 10: Question 4 - To what extent do you agree with the
following statement: "More than one BIM software
package is required for successful delivery of a project".

Fig 8: Question 10 - When choosing BIM Software, what
role did you play in the decision?

Q.10 (Fig 8) was used to validate the suitability of
the participant, by removing respondents whose role
was not consistent with the inclusion criteria of the
survey. All “Inheritors” and one “Spectator” were
removed from the survey results. One
“Recommender” was also removed from the results
as the responses were not logical. The final count of
remaining respondents was 34.

It was argued by many that there is not
one BIM software that can complete a project from
start to finish, and that more than one software is
required. The responses to question 4 (Fig 10) backed
up this claim unequivocally, with 30 out of 34
respondents either “Agree” or “Strongly Agree”.
Only 1 respondent disagreed with this statement.
The remaining 3 respondents “Neither agreed nor
disagree”.

Fig 11: Question 5 - How would you describe your BIM
authoring software strategy?

Fig 9: Question 2 - To what extent do you agree with the
following statement: "Many companies experience
difficulties in selecting appropriate BIM Software that
meets their expectations".

The literature review found that many
companies experience difficulty in selecting
appropriate BIM software to meet the organisational
needs. The responses to question 2 (Fig 9), largely
agreed with this, with 21 out of 34 respondents,
either “Agree” or “Strongly Agree”. While only 9
disagreed with the statement. The remaining 4
respondents “Neither agree nor Disagree”.

Question 5 (Fig 11) ties back into the main
objective of this research, where the author is
investigating whether Revit/Ez-ISO alone can be
used to produce deliverables for a project, instead of
using Revit for some deliverables and CADWorx for
pipework isometrics. It is clear, that the opinion of
the respondents is to use the best software for a task
rather than trying to use one software for all tasks.
27 out of 34 chose “Use best software for each task”.
Only 3 responded “Use same software for all tasks”.
The remaining 4 had “No specific strategy”.
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Fig 12: Question 6 - Please indicate how frequently you
have undertaken re-modelling due to interoperability
capabilities of BIM software.

The topic of software interoperability was
raised in the literature review, and how it is
necessary for all BIM software to work effectively
on a project. Fig 12 reveals for question 6, that the
majority, 19 out of 34, “rarely”, “very rarely” or
“never” had interoperability issues, 15 out of 34,
“frequently” or “very frequently” had issues with
interoperability.

Fig 14: Question 8 - Does this process involve a "MultiCriteria Decision Making" (MCDM) method?

MCDM methods are used as part of the
evaluation of the software in this paper. In the
literature review, many types are discussed. Question
8 (Fig 14) aimed to find the types used in the AEC
sector. 11 out of 34 respondents selected Choosing
by Advantages (CBA), 7 out of 34 selected Weighted
Average Score (WAS), 1 of 34 selected Analytical
Hierarchy Process (AHP), while 10 out of 34
responded as not using any MCDM. The results of
this question have backed up the selection of CBA as
the preferred option in this paper.

IX DISCUSSION

Fig 13: Question 7 - When choosing a new BIM software,
do you use a formal evaluation and selection process?

The results question 7 (Fig 13) show that
formal evaluation and selection processes are
common, but not as common as one might expect.
11 out of 34 always carry out a formal evaluation, 8
of 34 usually carry one out, while 5 sometimes carry
one out. 8 of 34 rarely, and 8 of 34 never carry out
formal evaluations.

The main objective of this research was to
investigate if Revit/Ez-ISO could produce pipework
isometrics to an acceptable standard for use in offsite
prefabrication. The MEP contractor behind the
research had hoped to consolidate their BIM
authoring software into a single package, instead of
multiple softwares. The reasons for this were many,
including; cost, training, maintenance, BIM staff
resources, multiple BIM libraries, and remodelling
due to lack of interoperability.
The findings of the literature review in
relation to a single software package strategy was
clear. It was strongly argued that a single software
should not be used, but that the best software for
each task was the most efficient.
The results of the online survey validated
that this was the consensus view of senior Irish BIM
professionals, with 27 out of 34 respondents
describing their BIM authoring software strategy as
“Use best software for each task” (Fig 11). 30 out of
34 respondents also either “Agreed” or “Strongly
Agreed” that more than one BIM software package
was required for successful delivery of a project (Fig
10). The plotting of Q4 vs Q5 verifies these results,
as shown in Fig 15.
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Fig 15: Q4 - To what extent do you agree with following
statement: “More than one BIM software package is
required for successful delivery of a project” vs Q5 – How
would you describe your BIM authoring software
strategy?

The feedback from the software
evaluation validated the literature findings.
CADWorx distinguished itself as a far superior
software for pipe work modelling and isometric
production. Revit revealed itself as being more
difficult to model in a natural way. Ez-ISO was
unexpectedly impressive in its simplicity in
producing isometrics. However, these isometrics did
not meet the required standards expected by the
research.
Overall, in the Revit/Ez-ISO combination,
Revit’s lack of usability to perform basic pipe
modelling tasks was the main failing. The reason for
this was obvious and can be traced back to the
inception of the software. It was originally designed
by architects, exclusively as a parametric modelling
software tool for architecture use [10]. It is argued,
that since the software base was developed for
architects, MEP additions are not in synergy [40].
Law, further argued, that because Revit is marketed
at the AEC sector, that MEP is only a minor
stakeholder, and as such, improvements in MEP
functionalities are not seen as software development
priority. This lack of investment in MEP
performance was apparent throughout the evaluation
process.
On the contrary, CADWorx was originally
developed by piping designers for the piping
industry. Throughout its lifetime, it has been
developed and taken over by larger companies, that
in themselves were major piping software
companies. Throughout the evaluation process, it
was evident that CADWorx, as Jernigan [15]
recommended in the literature review, allowed the
user to work as smoothly and efficiently as possible,
and was the best software for the task of pipe work
modelling and isometric production.
The literature review stated that
interoperability at the most basic, removes the need
to reproduce data previously created in another
software [17]. In the case of the MEP contractor, this

was not the case. As a MEP contractor, the company
regularly received Revit piping models. To produce
isometrics, it was necessary to export this Revit
model to DWG format. This DWG file was imported
into CADWorx where the Revit pipework was traced
over with CADWorx components. This was in some
way interoperable, but to be truly interoperable, the
Revit file import should not need to be
traced/reproduced. It should allow isometric
production from this DWG or IFC import.
The results of the survey found that 15
out of 34 respondents “Very Frequently” or
“Frequently” needed to remodel due to
interoperability capabilities of BIM software. While
this is less than half of the respondents, when the
results of Q6 (Fig 12) were plotted against Q1 in Fig
16, a correlation can be seen. Companies that
experience interoperability issues, are those who
receive models from primary BIM authors such as
Architects and Public Service.

Fig 16: Q6 – Please indicate how frequently you have
undertaken re-modelling due to interoperability
capabilities of BIM software vs Q1 – Please specify your
organisation type

As part of the Complex decision-making
process, this interoperability and need for
remodelling was deemed a very important factor.
However, when the importance of advantages was
considered,
Revit’s
advantage
of
better
interoperability, was not enough to outweigh the
combined advantages of CADWorx.
One of the main findings of the literature
review was that BIM software selection is not a
simple task and that careful evaluation and
consideration is required to mitigate against the
many risks associated with it. It was also found that
many companies experienced difficulty in choosing
BIM software. The online survey backed up this
finding, with 21 out of 34 respondents either
“Strongly Agreeing” or “Agreeing” with the
statement (Fig 9). However, based on these findings,
there is still a lack of formal evaluation process in
practice with only 19 out of 34 respondents either
“Always” or “Usually” performing them (Fig 13).
When Q2 was plotted against Q7, as shown in Fig
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17, while it does not show a definitive correlation, it

does illustrate a clear majority of respondents who
agree with question 2, recognise that a formal
evaluation is necessary.

Fig 17: Q7 – When choosing a new BIM software, do you
use a formal evaluation and selection process? vs Q2 – To
what extent do you agree with the following statement:
“Many companies experience difficulties in selecting
appropriate BIM software”

Many MCDMs were discussed in the
literature review, with CBA being chosen as the
preferred method for this research, based on the
familiarity of it with the AEC sector. Question 8 of
the survey backs up this decision to use it, with CBA
being the most popular MCDM, with 11 out of 34
respondents indicating it as their method for BIM
software selection. As predicted by the literature
review, the CBA process in the BIM software
selection of this research, provided a transparent and
collaborative approach to the evaluation. It further
ensured that the selection was based on sound
decisions and not just on the opinions of a single
person.

X CONCLUSION
The research aimed to critically evaluate the
suitability of Revit 2020 with Ez-ISO add-in, in the
production of prefabrication isometrics. The use of
the MCDM was paramount in the whole software
evaluation/selection process. The literature review
uncovered the prevalence and necessity for the use
of MCDMs in software selection. The online survey
revealed that the use of MCDMs, and in particular
CBA, was common in BIM software selection in
AEC in Ireland. In this paper, this process looked
deeper than just the performance of the software, but
also at other not so obvious factors. It ensured that
the software choice was not determined by an
individual’s decision, but as collaborative approach
by all key stakeholders, ensuring it was a sound
decision, based on relevant facts.
The MEP contractor’s goal to use a single
software instead of multiple softwares, was not
achieved for three reasons. Firstly, in the literature
review, many authors argued against the use of a

single software, that it was not the correct approach.
Secondly, the results of the online survey validated
that using best software for each task was indeed the
most common approach used by members of the
AEC sector, and not a single software for all tasks.
Finally, the evaluation of the software determined
that Revit 2020/Ez-ISO was not an optimum
solution for producing high quality prefabrication
outputs for the MEP contractor. The software
evaluation determined that Revit 2020 was not a
natural piping software. It did not enable the
modeller to work as smoothly and efficiently as
possible. In fact, some aspects were frustrating,
when compared with modelling in CADWorx.
Further to this, it was found that Ez-ISO was not a
suitable alternative for isometric production. While
isometrics were relatively easy to produce using the
software, the outputs were not to the required
standards.
Revit 2020 is suitable as a MEP coordination tool, but not as dedicated piping software.
It is the author’s opinion, that the reason is simple.
Revit 2020 was not designed as piping program; it
was designed for Architects by Architects.
CADWorx was designed for Piping Designers by
Piping Designers. A fact that was clearly evident
during this research paper.
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